Objective To systematically determine the impact of growth hormone therapy on adult height of children with idiopathic short stature. Design Systematic review. Data sources Cochrane Central Register of Controlled Trials, Medline, and the bibliographic references from retrieved articles of randomised and non-randomised controlled trials from 1985 to April 2010. Data extraction Height in adulthood (standard deviation score) and overall gain in height (SD score) from baseline measurement in childhood. Study selection Randomised and non-randomised controlled trials with height measurements for adults. Inclusion criteria were initial short stature (defined as height >2 SD score below the mean), peak growth hormone responses >10 μg/L, prepubertal stage, no previous growth hormone therapy, and no comorbid conditions that would impair growth. Adult height was considered achieved when growth rate was <1.5 cm/year or bone age was 15 years in females and 16 years in males. Results Three randomised controlled trials (115 children) met the inclusion criteria. The adult height of the growth hormone treated children exceeded that of the controls by 0.65 SD score (about 4 cm). The mean height gain in treated children was 1.2 SD score compared with 0.34 SD score in untreated children. A slight difference of about 1.2 cm in adult height was observed between the two growth hormone dose regimens. In the seven nonrandomised controlled trials the adult height of the growth hormone treated group exceeded that of the controls by 0.45 SD score (about 3 cm). Conclusions Growth hormone therapy in children with idiopathic short stature seems to be effective in partially reducing the deficit in height as adults, although the magnitude of effectiveness is on average less than that achieved in other conditions for which growth hormone is licensed. The individual response to therapy is highly variable, and additional studies are needed to identify the responders.
INTRODUCTION
Short stature is the commonest cause of referral to a paediatric endocrine unit. Although several conditions can lead to impaired linear growth, most short children do not fit into any clearly defined category and are referred to as having idiopathic short stature. Idiopathic short stature is considered present when height is more than 2 standard deviations below the corresponding mean height for a given age, sex, and population group, without evidence of systemic, endocrine, nutritional, or chromosomal abnormalities. 1 According to this definition, most children referred for short stature will be classed as having idiopathic short stature at the end of the diagnostic investigation. 2 In 2003, growth hormone therapy was approved in the United States for children with idiopathic short stature with height at or greater than 2.25 standard deviations (1.2 centiles) below the mean for age and sex, associated with growth rates unlikely to permit attainment of adult height in the normal range, and in whom diagnostic evaluation excluded other causes for short stature that should be observed or treated by other means. Recently, a consensus statement of the International Societies of Pediatric Endocrinology and the Growth Hormone Research Society proposed that children with idiopathic short stature whose heights were less than −2.0 SD scores and who were more than 2.0 SD scores below their mid-parental target height or had a predicted height less than −2.0 SD scores warranted consideration for treatment. 3 However, although growth hormone therapy increases growth rate in the first years of treatment, controversy continues over its use for the treatment of idiopathic short stature and how much additional height may be gained. 4 Available data are affected by several biases. Firstly, idiopathic short stature is a heterogeneous condition that includes normal variants of growth, such as familial short stature and constitutional delay of growth and puberty, characterised by the achievement of an adult height within the range of mid-parental height. Secondly, a wide variety of dosages has been used in the different studies. Thirdly, trials have been carried out in relatively small study cohorts often not followed up to the achievement of adult height. Owing to these uncertainties, the European Agency for the Evaluation of Medicinal Products Europe has not yet approved the use of growth hormone in children with idiopathic short stature. Since the last Cochrane review, 5 results from further long term trials have been published, prompting pharmaceutical companies to reiterate their applications and raising the debate on the need for European approval even in the lay public.
We examined the evidence that long term growth hormone treatment in children with idiopathic short stature may improve their height as adults. We carried out a systematic review of all randomised and non-randomised controlled trials of growth hormone use in children with idiopathic short stature published up to April 2010.
METHODS
We searched the Cochrane Central Register of Controlled Trials, Medline, and the bibliographic references from all retrieved articles describing such trials up to April 2010 using the search terms "growth hormone" and "final height" and "adult height" and "idiopathic short stature". No language restrictions were applied.
Inclusion criteria were initial short stature, defined as height more than 2 SD scores below the mean; peak growth hormone responses greater than 10 μg/L; prepubertal stage; no previous growth hormone therapy; and no comorbid conditions that would impair growth, such as chromosomal abnormalities, bone diseases, chronic diseases interfering with growth, treatment with steroids or sex steroids, and dysmorphic syndromes. Adult height was considered achieved when growth rate was <1.5 cm/year or bone age was 15 years in females and 16 years in males.
Efficacy outcome measures and quality assessment The primary efficacy outcome measure was the difference in adult height between treated and untreated children. We considered a mean difference in adult height of more than 0.9 SD scores (about 6 cm) as a satisfactory response to growth hormone therapy. This value was chosen as it represents the mean difference in adult height between growth hormone treated and untreated children born small for gestational age. 6 The SD score, also called z score, represents the distance between the raw score and the population mean in units of the standard deviation. We calculated the SD score with the formula: SD score=(x−average x)/ SD, where x is the observed measurement, average x is the mean of this measurement at the relevant age, and SD is the standard deviation from the mean. The SD score is negative when the raw score is below the mean and positive when above.
Secondary efficacy outcome measures were height gain from inclusion in the study to adulthood (at least ≥ 1 SD score) and difference between adult height and mid-parental height (at least ≥ 1 SD score). None of the studies provided raw data on single participants, therefore in the analysis we considered the average values for height (SD score) at start of therapy and in adulthood and their standard deviations.
Randomised controlled trials allow decision makers to draw causal inferences linking interventions and outcomes with protection against bias. Therefore randomised controlled trials begin with a "high quality" rating. The strength of a recommendation reflects the degree of confidence that the desirable effects of a recommendation outweigh the undesirable effects. Desirable effects can include beneficial health outcome, less burden, and cost savings. Undesirable effects can include harms, more burden (that is, patient compliance), and expenses.
According to the Endocrine Society, 7 a scientific trial should be evaluated and classified into one of two grades (strong and weak) of recommendation and the quality of the evidence into one of four categories (high, moderate, low, and very low). On this basis a grading was assigned to each of the three randomised controlled trials.
Statistical analysis
For primary analysis we calculated the effect size for each randomised controlled trial. The effect size was computed as the mean difference (treated minus untreated) and the changes (adult height minus baseline height) for each trial. We present these scores in a paired analysis with their 95% confidence intervals. Then we calculated the global effect size, pooling the data. When the effect size was significant in a fixed model we repeated the analyses using a random effects model. 8 The random effects model incorporates statistical heterogeneity (results, methods, and publication bias) and provides a more conservative estimate of the pooled effect size than a fixed model. We calculated I 2 values for quantifying heterogeneity in the meta-analysis. I 2 describes the percentage of variability in point estimates that is due to heterogeneity rather than to sampling error. Although no universal rule covers the definitions of mild, moderate, or severe heterogeneity, I
2 values more than 50% indicate notable heterogeneity, whereas values less than 30% indicate mild heterogeneity. We assessed publication bias by funnel plot analysis (see web extras). As the significance of the effect size may be affected by a single trial, we carried out a sensitivity analysis. When trials presented enrolling biases, we excluded these studies from the analysis to verify whether the same trend was observed with the remaining trials. Analyses for randomised controlled trials were carried out using Review Manager 5 software for Windows package (Nordic Cochrane Centre, Copenhagen, Denmark). 
RESULTS
The search strategy identified 19 long term studies (>3 years). Nine studies were excluded; five were not carried out up to adulthood and four were not controlled trials. Three [9] [10] [11] of the 19 studies [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] were randomised controlled trials, the remainder non-randomised controlled trials (fig 1) . Only one study included a placebo control group. 10 Randomised controlled trials The three randomised controlled trials (115 children, 79 cases and 36 controls) were of low or moderate quality (table 1) . Little or no information was available on the method of randomisation. If the treated group of a single study contained subgroups, the group and its subgroups were analysed separately. In one trial 11 the children were subdivided according to dose of growth hormone (0.033 and 0.067 mg/kg/day).
Children were enrolled in the randomised controlled trials if their SD score for height was below −2.0. The mean chronological age at start of therapy ranged from 6.1 to 12.9 years (mean age 10.2 (SD 1.1) years for all children, 10.08 (SD 1.09) years for treated children, and 10.04 (SD 1.1) years for untreated children). All the children were prepubertal, the daily dose of growth hormone ranged from 0.033 to 0.067 mg/kg, the mean duration of therapy was 5.4 (SD 1.5) years, and the mean height was −2.7 (SD 0.45) SD score (−2.72 (SD 0.5) SD score for treated children and −2.7 (SD 0.43) SD score for untreated children).
Non-randomised controlled trials Seven non-randomised controlled trials (477 children, 181 cases and 296 controls) were assessed (table 2). The inclusion criteria for these trials were similar. The mean chronological age at start of therapy ranged from 7.6 to 12.5 years (mean age 10.7 (SD 1.9) years for all children, 10.6 (SD 1.9) years for treated children, and 10.7 (SD 1.9) years for untreated children). All the children were prepubertal. The dose of growth hormone ranged from 0.02 to 0.05 mg/kg/day, the mean duration of therapy was 5.3 (SD 1.8) years, and the mean initial height was −2.8 (SD 0.5): −2.9 (SD 0.6) for treated children and −2.7 (SD 0.5) for untreated children.
Randomised controlled trials Adult height
In one of the randomised controlled trials, children with a baseline SD score for height of −2.5 and treated for about 6.2 years achieved an average near final height of −1.1 SD score compared with −2.4 SD score in untreated children ( fig 2) . 9 In the only double blind and placebo controlled trial, treated children achieved an average adult height of −1.77 SD score compared with −2.34 SD score in untreated children. 10 Treated children in the remaining study 11 achieved a mean SD score for adult height of −1.6 compared with −2.2 in untreated children. This trial reported two subgroups of children treated according to two growth hormone dose regimens (table 1) . The children treated with a daily dose of 0.067 mg/kg achieved a mean adult height of −1.5 SD score compared with −1.7 SD score for children treated with 0.033 mg/kg/day, corresponding to a mean difference of 2 cm.
The mean adult height derived from the three randomised controlled trials was −1.52 SD score for treated children and −2.30 SD score for untreated children. The adult height achieved by those in the treated group significantly exceeded that of the controls, with a mean difference of 0.65 SD score (about 4 cm) (95% confidence interval 0.40 to 0.91; P<0.001, fig 2) . See web extra supplemental data 1 for the results of the analysis carried out according to a fixed model. After exclusion of a trial with the greater enrolment bias, the same trend was observed with the remaining trials (see web extra supplemental data 11).
In two of the studies 9 10 the difference in SD score for adult height was 1.23 (7.4 cm) and 0.57 (3.4 cm), respectively. In the third study 11 the overall difference was 0.6 SD score (3.6 cm). The difference in adult height between treated and untreated children was 0.5 SD score (3 cm) in those receiving growth hormone RESEARCH 0.033 mg/kg/day and 0.7 SD score (4.2 cm) in those receiving 0.067 mg/kg/day. In two of the studies 9 10 the difference between adult or near final height and baseline predicted height in children treated with growth hormone increased by 3.5 cm and 0.32 SD scores, respectively.
Height gain
In one study the mean height gain in treated children was 1.38 SD score (8.28 cm) compared with 0.18 SD score (1.08 cm) in untreated children (fig 2) . 9 In the second study the mean height gain was 0.93 SD score (5.58 cm) in treated children compared with 0.46 SD score (2.76 cm) in untreated children. 10 In the remaining study the overall mean height gain was 1.24 SD score (7.44 cm) in treated children compared with 0.40 SD score (2.4 cm) in untreated children. 11 The mean height gain in children treated with growth hormone 0.033 mg/kg/day was 1.2 SD score (7.2 cm) compared with 1.3 SD score (7.8 cm) in those treated with the higher dose of 0.067 mg/kg/day.
The mean height gain from the three studies was 1.20 SD score (7.2 cm) in treated children and 0.34 SD score (2.0 cm) in untreated children (fig 2) . The height gain achieved by the treated group significantly exceeded that of controls, with a mean difference of 0.79 SD score (4.7 cm) (95% confidence interval 0.50 to 1.09; P<0.001, fig 2) . See web extra supplemental data 2 for the results of the analysis done according to a fixed model.
Adult height corrected for mid-parental height
Only two studies reported mid-parental height (fig 3) . In one of the studies mean adult height corrected for midparental height was −0.66 SD score in treated children compared with −1.02 SD score in untreated children. 10 In the other study, 11 mean adult height corrected for mid-parental height was −0.1 SD score in children treated with growth hormone 0.033 mg/kg/day and 0.4 SD score in those treated with 0.067 mg/kg/day compared with −1.0 SD score in untreated children. The overall mean corrected adult height from the two studies was −0.4 SD score in treated children and −1.01 SD score in untreated children. The mean corrected adult height achieved by the treated group significantly exceeded that of the controls, with a mean difference of 0.87 SD score (95% confidence interval 0.28 to 1.46, P=0.004, fig 3) . See web extra supplemental data 3 for the results of the analysis carried out according to a fixed model. 
Non-randomised controlled trials

Adult height
The mean adult height derived from the seven non-randomised controlled trials was −1.7 SD score for treated children and −2.1 SD score for untreated children (table 2 and fig 4) . The adult height achieved by the treated group significantly exceeded that of the controls, with a mean difference of 0.45 SD score (3 cm) (95% confidence interval 0.18 to 0.73, P=0.001, fig 4) . See web extra supplemental data 4 for the results of the analysis carried out according to a fixed model.
In one study the difference in adult height between treated and untreated children was 0.5 SD score (3 cm). 18 The difference in adult height between treated and untreated children was 0 SD score in those treated with growth hormone 0.03 mg/kg/day compared with 1.1 SD score (6.6 cm) in those treated with 0.04 mg/kg/day.
Height gain
In one study, mean height gain in treated children was 1.4 SD score (8.4 cm) compared with 0.6 SD score (3.6 cm) in untreated children. 18 The mean height gain in children treated with growth hormone 0.03 mg/kg/day was 0.9 SD score (5.4 cm) compared with 2.0 SD score (12 cm) in those treated with 0.04 mg/kg/day. Overall, the mean height gain from the seven nonrandomised controlled trials was 1.28 SD score (8 cm) in the treated children and 0.6 SD score (4 cm) in the untreated children (fig 4) . The height gain achieved by the treated group significantly exceeded that of the controls, with a mean difference of 0.71 SD score (5 cm) (95% confidence interval 0.42 to 0.99, P<0.001, fig 4) . See web extra supplemental data 5 for the results of the analysis carried out according to a fixed model.
Quality of evidence and strength of recommendation
The quality score for two of the trials 10 11 denoted moderate quality evidence. The first study 10 was the only available randomised double blind placebo controlled trial. However, the proportion of dropouts was high; 40% in the growth hormone treated group and 65% in the placebo group. Adult height was measured in six children in the treated cohort and only three in the placebo cohort. The other study 11 lacked detail on the randomisation procedure. The whole study population comprised only 68 children: 19 controls and 49 treated children (18 with low dose and 31 with high dose growth hormone). Finally, in the second of these two trials, 11 results were affected by a high variability. The remaining trial 9 was classed as of low quality evidence because the study population was small (seven treated and six randomised untreated girls), no power calculation was described, and the authors reported the achievement of near final height in both treated and untreated groups.
The difference in adult height between treated and untreated children was considered as the primary efficacy outcome measure. A mean difference in adult height of more than 0.9 SD score (about 6 cm) was considered as a satisfactory response to growth hormone therapy. Although arbitrary and flawed this represents an acceptable cut-off value for determining the minimum "desirable effect" of long term growth hormone therapy, representing the mean difference in adult height between treated and untreated children in another already approved indication for growth hormone in non-growth hormone deficient children, such as born small for gestational age. The gain in SD score between height at inclusion and adult height (at least ≥1 SD score) and difference between adult height and mid-parental height (at least −1 SD score or more), were considered as secondary efficacy outcome measures. According to these variables, a weak recommendation was assigned to all three randomised controlled trials because none achieved the established goals. Only in the high dose group of the study by Albertsson-Wikland et al, 11 the adult height corrected for midparental height of treated children was 1.4 SD score.
Low quality evidence and a weak recommendation were assigned to the non-randomised controlled trials with the exception of one study, 18 which was of lowmoderate quality as the two groups of treated children were randomised (table 2) . This study is, however, affected by the extreme variability of results.
Predictors of adult height A wide individual variability in the response to growth hormone therapy was reported in all the studies. Multiple linear regression analyses were used to construct the best model for predicting adult height SD score. The major predictors of adult height reported so far were early age at start of therapy, dose of growth hormone, length at birth, difference between height and mid-parental height, and delay in bone age. 23 
DISCUSSION
In this systematic review of 19 trials reporting the long term effect of growth hormone therapy in children with idiopathic short stature only three were randomised controlled trials carried out up to adulthood. To date no single high quality evidence randomised controlled trial has been carried out up to the achievement of adult height. Considering the two best quality studies, the average adult height achieved by treated children exceeded that of untreated controls, from 0.57 to 0.70 SD score (3.4-4.2 cm). One systematic review 5 assessed the effects of growth hormone therapy on both short term and long term growth in children with idiopathic short stature. However, this systematic review did not consider the outcome measures analytically, did not evaluate and classify the trials according to the quality of evidence and strength of recommendation, and is not up to date as new long term trials have recently been published.
The weight of the evidence, although affected by the lack of studies with high quality and strong recommendation, indicates that growth hormone therapy increases adult height in children with idiopathic short stature. However, the growth promoting effect of growth hormone therapy is small, and data analysis shows wide individual variability, which may partly be related to the heterogeneity of the study population.
One randomised controlled trial 11 and non-randomised controlled trial 18 reported a dose dependent effect of growth hormone therapy on adult height. However, only the non-randomised controlled trial showed a difference in adult height between untreated children and children treated with high dose growth hormone of more than 0.9 SD score.
Limitations of the review One potential limitation of any meta-analysis is the pooling of studies with heterogeneous populations. However, the rigorous entry criteria and review procedures for the current analyses were instituted to exclude studies in patients with known causes of short stature. A second potential limitation involves the effect of study dropouts on the validity of study findings. A third confounder is the small sample size, with its high chance of false positive results. A fourth potential limitation of any meta-analysis is the "file-drawer" effect, in which studies with negative results might remain unpublished thus biasing the literature towards positive findings. of growth hormone in children with idiopathic short stature has centered on the magnitude of growth hormone effect on adult height. The current findings, although based on only three randomised controlled trials, indicate that long term growth hormone therapy can partially reduce the height deficit of children with idiopathic short stature, but the mean difference between treated and untreated children is 0.65 SD score (about 4 cm). These results suggest that the debate should shift to whether the gain in adult height is of sufficient clinical importance and value to warrant widespread treatment of children with idiopathic short stature.
Practitioners and policy makers need to address the clinical importance and value of the height gained in relation to the goals of treatment. Consideration of additional factors will be important for deciding whether growth hormone should be used in children with idiopathic short stature in practice, including the impact of the height gained on physical and psychosocial wellbeing, adverse effects, cost of therapy, and patients' expectations. Although an economic analysis is beyond the scope of this article, the cost-benefit ratio has repeatedly been considered for growth hormone therapy. Here we report that the mean final difference in adult height between treated and untreated children with idiopathic short stature is about 4 cm after 5.4 years of growth hormone therapy. Therefore, the average annual cost of growth hormone therapy is about €20 000 (£17 000, $27 000) per year of treatment, which corresponds to about €27 000 per gained centimetre. In other already approved non-classical indications of growth hormone therapy, such as small for gestational age and Turner syndrome, the reported mean difference in adult height between treated and untreated children is about 6 cm and 7 cm, respectively. 6 24 Potential harms of growth hormone therapy None of the included studies reported serious adverse effects of growth hormone therapy. A decreased sensitivity to insulin (as fasting hyperinsulinaemia, increased fasting glucose, and reduced tolerance during oral glucose tolerance test) has been described. All the effects were reversible after discontinuation of therapy. However, metabolic memory could predispose these people to long term increased risk of type 2 diabetes. Occasionally, a dose dependent increase of insulin-like growth factor-I concentrations reaching values above 3 SD score was reported. 11 Although evidence is lacking for an increased risk of malignancy, the mitogenic and antiapoptotic actions of insulin-like growth Results of meta-analysis according to random model RESEARCH factor-I create a theoretical risk. Moreover, the association of high levels of insulin-like growth factor-I with an increased risk of carcinogenesis has been shown. The potential relation among growth hormone therapy, insulin-like growth factor-I levels, and neoplasia requires long term surveillance after treatment. 25 
Conclusions
This is the first meta-analysis that has appraised only randomised controlled trials and non-randomised controlled trials of growth hormone therapy up to the achievement of adult height in children with idiopathic short stature. The current findings indicate that growth hormone therapy can increase adult height by about 4 cm. In addition, our results show that to date no study has fulfilled the evidence based medicine criteria for high quality of evidence and strong recommendation. The individual response to therapy is highly variable and further studies are needed to identify the responders. Finally, further high quality evidence from randomised, double blind, placebo controlled trials up to the achievement of adult height would be necessary to determine the efficacy, ideal dosage, and long term safety of growth hormone therapy.
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